ABSTRACT ECG changes were assessed in 15 patients in whom intracoronary streptokinase recanalized a totally occluded left anterior descending artery during acute myocardial infarction. These results were compared retrospectively with those in 22 comparable conventionally treated patients who underwent catheterization during the acute stage of infarction. Before angiography no significant differences were found in the sum of ST elevation (EST t v,-v6), the sum of R waves (1Rv,_v,), or the number of Q waves (nQv, v) in leads V1 through V6. EST T VI-V6 was significantly lower in the streptokinase group than in control patients at all times after angiography. Y Rv,-6 declined and nQv v6 increased in both groups during the first 12 hr, but there was no further change in the control group, whereas in the streptokinase group a significant increase in ;RvI-V6 and decrease in nQv, v followed.
THE PURPOSE of intracoronary streptokinase (SK) therapy is to relieve ischemia and thereby limit infarct size; preliminary studies of changes in left ventricular function after reperfusion suggest that this can be achieved.1`3 In this study electrocardiographic (ECG) changes in reperfused and conventionally treated patients were compared to determine whether there are ECG signs that indicate relief of ischemia and limitation of infarct size by reperfusion. ECG and ventriculographic parameters of infarct size were correlated.
Patients and methods
Patient selection. ECG changes were assessed in 15 patients in whom complete left anterior descending artery (LAD) obstruction was recanalized by intracoronary SK infusion during acute myocardial infarction. The following exclusion criteria were applied in selecting the SK group from the first 18 consecutive patients who underwent recanalization for an acute LAD obstruction: cardiogenic shock, complete bundle branch block, left ventricular hypertrophy by ECG criteria, axis changes during follow-up, previous anterior wall infarction, and reinfarction or pericarditis during follow-up.
These results were compared with ECG changes in a control group of 22 patients who were selected from a total group of 32 patients with complete LAD obstruction who underwent angiography during the acute stage of infarction, before the advent of interventional techniques. The same exclusion criteria were applied to this group.
In all patients the ECGs obtained immediately before angiography showed ST elevations of at least 0. 15 mV in at least two precordial leads other than V1. The diagnosis of infarction was confirmed retrospectively by an increase in creatine kinase (CK) to at least twice the upper limit of normal. During the first 6 hr patients were entered into the study regardless of whether or not symptoms persisted; beyond 6 hr, only those with persistent symptoms were included.
All patients were studied at the same institution between January 1977 and December 1980. There were no differences between the two groups in age distribution, duration of symptoms before angiography, or history of previous myocardial infarction (table l) . One patient in each group had had a known prior inferior wall myocardial infarction. No other patients had Q waves outside of the anterior precordial leads, and no others had angiographic wall motion abnormalities outside the region supplied by the LAD. Although there were more patients with Intra-aortic counterpulsation was applied during acute infarction in eight control patients who were enrolled in a concurrent study of counterpulsation in routine myocardial infarction. These patients were neither hypotensive nor in shock. No SK group patients underwent counterpulsation. There were no significant differences in blood pressure at the time of initial angiography between patients in the SK and control groups.
Interventions and treatment. The techniques used for initial angiography and selective intracoronary SK administration have been previously described. 4 Recanalization was demon: strated angiographically after 23 + 22 min of SK infusion. The total duration of the infusion was 69 ± 17 min, with a total dose of 90,000 to 180,000 U. In two patients recanalization was achieved by a combination of guidewire perforation of the clot and intracoronary SK. Before angiography all patients in the SK group received a single dose of prednisolone' (747 mg).
In all patients of both groups, an intravenous nitroglycerin infusion (1.5 to 9 mg/hr) was begun on hospital admission. All patients in the SK group were maintained on more than 15,000 units/day heparin by continuous intravenous infusion for 3 to 4 days after interventional angiography. Overlapping'warfarin (Coumadin) therapy was instituted and maintained throughout the follow-up period. In the control group 17 15 control patients 88 ± 77 days-after the initial angiogram. In all 14 restudied patients in the SK group the infarct vessel was patent at repeat angiography and at the site of previous occlusion there was a greater than 60% lesion. In the control group seven patients showed spontaneous recanalization of thec infarct vessel with a greater than 70% lesion at the site of acute obstruction.
Angiographic assessments. Initial and follow-up ejection fractions (EFs) were determined from biplane contrast cineventriculograms by the area-length method.5 The length of the akinetic segments (AKS) was determined by the method of Feild.6 Local wall motion was qualitatively assessed with the criteria of Herman and Gorlin7 and the severity of coronary artery lesions was determined by the criteria of Gensini."Stenoses occluding greater than 50% of the arterial diameter were regarded as significant.
ECG measurements. In each patient six 12-lead ECGs were obtained at intervals shown in table 2. Time intervals I through V were almost identical in the SK and control groups, while the follow-up ECG was obtained significantly later in the control group. In both groups, the locations of leads VI through V6 were marked on each patient's chest on admission to ensure consistent electrode placement in the recording of ECGs I through V.
The following parameters were calculated: (1) YST I VI v6 figure 5 ). There was a significant increase in nQ,-, from ECG I to ECG III in both groups. In the control group there was no significant change in nQv,-v from ECG III to ECG VI, whereas in the SK group nQ , significantly decreased from ECG III to ECGs V and VI. In ECGs IV to VI, nQv, , was significantly smaller in the SK group than in the control group. In the control group nQv,-V6 was significantly larger in ECG VI than in ECG I; in the SK group, however, nQv,-v, was not significantly different in ECG VI than in ECG I.
In the control group, no significant differences between patients with spontaneous recanalization and those with persistent occlusion were noted with respect to EST t v, v, or other ECG variables. There were also no differences between those who underwent intraaortic balloon counterpulsation and the remaining control patients. ECGs were examined before and after surgery in the two SK group patients who received bypass grafting. In one patient there were no immediate perioperative changes; in the other small precordial Q waves developed after surgery.
Changes in left ventricular function in relation to ECG changes. In the SK group there was a significant increase in EF from the initial to the follow-up stage, as well as a significant decrease in the length of the AKS. Neither EF nor the length of the AKS changed in the control group (table 3 Rapid decline in ST elevation in the setting of acute occlusion followed by reperfusion, as we found in our SK group, has been well described in many animal It is generally accepted that the loss of R waves and new Q waves after acute myocardial infarction represent loss of myocardium.'S'9 In our SK group, nQv v increased and IR V,-V6 decreased throughout the first 12 hr in parallel with the control group; this was followed by a reversal of this trend in the SK group only. In the follow-up period there were significantly fewer ECG signs of infarction in the SK group than in the control group.
Transient Q waves have been reported by several authors in patients with Prinzmetal's angina and during a variety of transient ischemic events such as coronary angiography, bypass surgery, and exercise stress testing.
Reports of the disappearance of Q waves in established myocardial infarction are controversial; its incidence varies tremendously from study to study and its mechanism is unknown.25132 In almost all cases, Q waves disappeared only in the follow-up stage, weeks to years after myocardial infarction. Kalbfleisch et al. 33 observed this phenomenon in 6.7% of 775 patients, generally by the end of the second year after infarction. Only six of their 775 patients showed regression of pathologic Q waves within 1 month. In our control group two out of 22 patients demonstrated regression of Q waves: the first, 3 days after infarction, the other at some point between discharge on day 21 and a repeat ECG recorded 3 months after infarction. Reports of Q wave regression in the subacute phase of myocardial infarction, however, are extremely rare. Six days was the shortest time interval for regression observed by Kalbfleish. Haiat34 reported one patient with anterior myocardial infarction and only moderate enzyme elevation who showed a loss of Q waves within 48 hr and normalization of the ECG within 6 days.
Transient Q waves have also been described in animal models of reperfusion. Gross et al. 35 ' 4 observed that the short-term decline in the sum of R and S wave heights after coronary occlusion was reversed only when reperfusion was induced within 1 hr. Reperfusion after 2, 4, or 6 hr interrupted the progressive decline in the sum of R and S wave heights but did not actually reverse it. The ECG studies were only continued for several hours and no long-term evaluation was made.
Regarding the significance of time to reperfusion in our study, it must be realized that the pathophysiology of myocardial infarction in human beings is different from that in animals. The onset of symptoms and time of occlusion are not necessarily coincident. It should be noted that a majority of the patients in both groups underwent angiography within the first 4 hr after the onset of symptoms and that only those patients with persistent chest pain were entered into the study after 6 hr. In this latter group of patients collaterals to the distribution of the infarct vessel were found more often than in patients entered into the study within the first 6 hr. In patients with angiographically demonstrable collaterals, the infarct may proceed more slowly so that patients may remain symptomatic longer and reperfusion may be successful in achieving myocardial salvage after a longer time interval.
In these five patients ISTV,v, was greater than 0.6 mV.
In comparing the data from the two groups the fact that patients were compared with historical controls and that patient selection was not randomized must be kept in mind, along with those variables that differed in the two otherwise comparable groups. These variables, however, did not favor the SK group. Intra-aortic balloon counterpulsation in eight patients in the control group might have minimized the differences observed. The longer time interval between initial and follow-up measurements in the control group probably did not exaggerate the observed differences, since left ventricular function and ECG findings tend to improve with time in the follow-up stage.39 40 Recently reported data suggest that the administration of steroids to patients in the SK group is not likely to cause substantial changes in values of the parameters measured.41'42 Furthermore, in another study from our group, five patients who received both steroids and SK but did not undergo recanalization showed no improvement in left ventricular function from the initial to the follow-up stage, unlike those who did undergo the procedure.
We view coronary artery bypass grafting as a technique to be used subsequent to reperfusion in selected patients. Early coronary artery bypass surgery in two SK group patients did not appear to increase the differences observed. In one of the patients there were no immediate perioperative changes and in the other there was a worsening of the ECG infarct parameters, with the development of small anterior precordial Q waves.
The ECG data in this study, in correlation with angiographic findings, suggest that reperfusion may reduce acute ischemia and thereby limit infarct size. However, it is known from the analysis of many studies that retrospectively studied control patients tend to fare worse than those in prospectively randomized control groups.43 It will therefore be necessary to confirm these results in a prospectively randomized study.
